P. brasiliensis (strain 7193, Instituto Nacional de Tuberculosis, Caracas, Venezuela) was isolated from mucocutaneous lesions and lymph nodes of a patient, and was maintained at 37 C on Brain Heart Infusion Agar (Difco) with human blood (10%), penicillin (20 units per ml), and streptomycin (40 pg/ml).
mycosis, exhibits a thermal dimorphism; i.e., it produces a mycelial form (M form) at room temperature and a yeast form (Y form) at 37 C. There is no difference between the two forms in nutritional requirements. Incubation temperature is the main factor responsible for the transformation, as described in studies of Blastomyces dermatitidis (17, 22, 23) . During the transformation of one form to the other, changes of the enzymatic pattern of the fungus may occur, and the two forms may show different biochemical properties. In the study of the respiration of B. dermatitidis and P. brasiliensis, Nickerson and Edwards (23) reported that the Y form had a higher endogenous respiration than the M form and exhibited an exogenous oxidation of glucose, whereas the M form exhibited no exogenous metabolism in either a resting or starved condition. Further comparative biochemical data on the two forms of P. brasiliensis are not available. This paper deals with the enzymes involved in glucose metabolism of the Y and M forms of P. brasiliensis.
MATERIALS AND METHODS
P. brasiliensis (strain 7193, Instituto Nacional de Tuberculosis, Caracas, Venezuela) was isolated from mucocutaneous lesions and lymph nodes of a patient, and was maintained at 37 C on Brain Heart Infusion Agar (Difco) with human blood (10%), penicillin (20 units per ml), and streptomycin (40 pg/ml).
For comparative studies, the following media were used. For the M form, the liquid medium contained 2% glucose, 1% glycine, and 0.2% yeast extract (Difco); its pH was adjusted to 7.2 to 7.4 with 1 N KOH. For the Y form, the solid medium was prepared by adding 15 g of agar (Difco) to 1 liter of the liquid medium. Both media were autoclaved at 120 C for 15 min.
The M form was cultivated at room temperature (18 to 25 C) on a reciprocating shaker (2-cm amplitude and 100 strokes per min) for 7 days in 500-ml Erlenmeyer flasks containing 200 ml of the liquid medium. About Enzymes in the hexose monophosphate shunt. Glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase were determined by the methods of Kornberg (13) and of Horecker and Smyrniotis (12), respectively. The enzymatic formation of sedoheptulose, hexose, and triose from ribose-5-phosphate was performed as follows. The reaction mixture contained 500 MAmoles of Tris buffer (pH 7.4), 10 Mumoles of MgCI2, 10 Mumoles of thiamine pyrophosphate, 43 ,moles of ribose-5-phosphate, and 14 mg of the extract, in a total volume of 10 ml. In this experiment, cell-free extracts passed through a Sephadex G-25 column in 0.005 M Tris buffer (pH 7.4) were used. At certain intervals, a 2.0-ml sample of the incubation mixture maintained at 37 C was taken and mixed with an equal volume of 10% cold trichloroacetic acid. The clear supernatant fluid obtained after centrifugation was used for the determination of triose, pentose, hexose, and sedoheptulose.
Triose was determined as alkali-labile phosphate. A 1-ml amount of the sample was mixed with 1 ml of 2 N NaOH and kept for 15 min at room temperature. The liberated phosphate was determined after neutralization by the method of Fiske and SubbaRow (8) . The values were corrected by the amounts of inorganic phosphate obtained from samples not treated with NaOH.
Hexose and sedoheptulose were determined by the method of Dische (6), with glucose-6-phosphate and sedoheptulose anhydride as standard. Absorbance for hexose was determined at 415 mu after 5 min of color development. Sedoheptulose was determined by the difference in the optical densities between 510 and 540 mM after 18 hr of color development at room temperature.
Pentose was determined by the method of Fernell and King (7), with ribose-5-phosphate as a standard. Simultaneously, absorbancies of known amounts of glucose-6-phosphate and sedoheptulose anhydride were determined, and the optical densities were corrected in accordance with the values obtained by Dische's method.
Enzymes in the citric acid cycle. Aconitase (26) , isocitric dehydrogenase (15), succinic dehydrogenase (11) , fumarase (21) , and malic dehydrogenase (24) were determined spectrophotometrically by current methods, as indicated. In the determination of succinic dehydrogenase, the change in optical density obtained with and without malonate (10-2 M) as inhibitor was used as a test for the activity of the dehydrogenase, since reduction of 2,6-dichlorophenol-indophenol occurred without added succinate.
As for the additional enzymes, a-glycerophosphate dehydrogenase (2), isocitratase (29) , and malic enzyme (25) were assayed by current methods, as indicated. Activities of 6-phosphogluconate dehydrase and 2-keto-3-deoxy-6-phosphogluconate aldolase of the Entner-Doudoroff pathway were estimated together, by the production of pyruvate from 6-phosphogluconate, according to the method of Kovachevich and Wood (16 Glucose-6-phosphate dehydrogenase was prepared by the method of Kornberg (13) . As coenzymes, glyceraldehyde-3-phosphate dehydrogenase required NAD and glucose-6-phosphate and 6-phosphogluconate dehydrogenases required NADP specifically.
RESULTS
Lactic dehydrogenase was not observed in either form of the fungus. Table 2 shows further evidence for the existence of the hexose monophosphate shunt in both forms, as indicated by the formation of triose, hexose, and sedoheptulose from ribose-5-phosphate. There are no remarkable quantitative differences in the transaldolase and transketolase activities between the two forms.
Activities of 6-phosphogluconate dehydrase and 2-keto-3-deoxy-6-phosphogluconate aldolase in the Entner-Doudoroff pathway were not observed in either form. Table 3 shows the activities of the enzymes in the citric acid cycle. The NAD-linked isocitric (20) concluded that there was no significant difference between the two forms with respect to glycolysis and the hexose monophosphate shunt. However, much higher activity was observed in the Y form compared with the M form in the citric cycle.
In P. brasiliensis, both forms have the enzymes of glycolysis, the hexose monophosphate shunt, and the citric acid cycle. Generally, enzymatic activities of the Y form are higher than those of the M form, except for glucose-6-phosphate dehydrogenase and malic dehydrogenase. This may reflect the higher endogenous respiration in the Y form. However, no suggestion for a possible mechanism of the thermal transformation can be given at the present time.
As for the mechanism of transformation between Y and M forms, Nickerson (22) considered that there is competition for a common substrate between enzymes responsible for M-form development and enzymes responsible for Y-form development. He supposed that, in the M form, the higher affinity of the enzymes for the common substrate was offset at higher temperatures by the thermal denaturation of these enzymes.
Using a nonpathogenic fungus (Mucor), Bartnicki-Garcia (1) explained that carbon dioxide may have a selective inhibitory effect on the morphogenetic mechanism responsible for Mform development and may also cause Y-form development. However, no enzymes responsible for the transformation between Y and M forms have been found. According to our results, there is a slight possibility that the energy-producing systems of P. brasiliensis contain such enzymes. Our experiments were run at room temperature, and the comparative effect of higher temperatures on the enzyme reactions of the two forms remains to be determined. The reason for the thermal dimorphism may be the presence of temperaturesensitive enzymes in the fungus. The temperature sensitivity of alkaline phosphatase in a mutant of Escherichia coli B depends on the rate of synthesis of an aporepressor which is normally metabolically unstable (9) . A similar mechanism may be responsible for the transformation between the Y and M forms of the fungi.
From the nutritional studies on the Y form of B. dermatitidis and P. brasiliensis, Gilardi and Laffer (10) found that L-tyrosine can produce M form at 35 C. Their finding suggests that the temperature-sensitive enzymes may not play a main role in the transformation, but rather that the transformation may be influenced by some metabolites of tyrosine.
In conclusion, both forms of P. brasiliensis may utilize the same pathway to produce energy for growth. The enzyme systems in the synthesis of macromolecules should be examined to clarify the biochemical difference between the two forms of P. brasiliensis.
